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The B-physics experiments at LHCb, BaBar and Belle hint towards deviations from Lepton
Flavor Universality in both the tree-level and loop-induced B meson semileptonic decays.
We propose a leptoquark model with light right-handed neutrinos which can accommodate
both RexpK < R
SM
K and R
exp
D(∗) > R
SM
D(∗) . We discuss several of its predictions which can be
tested in modern day experiments. We also comment on the recent finding at LHCb, namely
RexpK∗ < R
SM
K∗ .
1 Introduction
Even though no signal of New Physics appeared so far in the direct searches at the LHC,
the B-physics experiments (BaBar, Belle and LHCb) hint at very intriguing deviations from
lepton flavor universality (LFU). More specifically, the LHCb Collaboration measured the partial
branching fractions of B+ → K+`` in the bin q2 ∈ [1, 6] GeV2 and found 1
RK =
B(B+ → K+µµ)
B(B+ → K+ee) = 0.745±
0.090
0.074 ±0.036 , (1)
which lies 2.4σ below the Standard Model (SM) prediction, RSMK = 1.00(1).
2 Furthermore,
another intriguing indication of LFU violation appeared in the tree-level processes, mediated by
the charged currents,
RD =
B(B → Dτν)
B(B → D`ν)
∣∣∣∣
`∈{e,µ}
= 0.41± 0.05 , (2)
which is obtained by combining several experimental values. 3 This value appears to be 2.2σ
above the SM prediction, RSMD = 0.286 ± 0.012, obtained by solely relying on the lattice QCD
(LQCD) data for the form factors, recently computed in Ref.4. That result is corroborated by the
experimentally established RD∗ = 0.310(15)(8), also confirmed by LHCb,
5 which appears to be
3.3σ larger than the SM prediction, RSMD∗ = 0.252± 0.003. 6 Note, however, that the theoretical
estimate of RSMD∗ relies strongly on experimental information extracted from the differential
distribution of dΓ(B → D∗`ν)/dq2 (with ` = e, µ). The LQCD result for the full set of B → D∗
form factors is still not available, and those are mandatory to consistently consider NP scenarios
with couplings to both µ and τ (and not only to τ -leptons), as suggested by current data.
Several models have been proposed to simultaneously accommodate RK and RD(∗) , see
Ref. 7 and references therein. While many authors considered effective scenarios, very few viable
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solutions to the puzzle of B–physics anomalies have been proposed. Among those, the models
containing leptoquark (LQ) states are of particular interest as we will discuss in the following.
2 Leptoquark models for b→ s``
Starting with the RK puzzle, the LQ states can be fully specified by their SM representation
(SU(3)c, SU(2)L)Y , where the hypercharge Y is normalized by Q = Y + T3. Among the LQ
scenarios, the ones invoking vector LQs are not renormalizable and become problematic when
computing the loop-induced processes, such as τ → µγ and the Bs → Bs mixing amplitude. 8
In Table 1, we list the scalar LQ states that can modify RK through tree-level contributions to
b→ sµµ. 9
(SU(3)c, SU(2)L)U(1)Y BNC Interaction Eff. Coefficients RK/R
SM
K
(3¯, 3)1/3 7 QCiτ2τ ·∆L C9 = −C10 < 1
(3¯, 1)4/3 7 d
C
R∆`R (C9)
′ = (C10)′ ≈ 1
(3, 2)7/6 X Q∆`R C9 = C10 > 1
(3, 2)1/6 X dR∆˜
†
L (C9)
′ = −(C10)′ < 1
Table 1: List of LQ states which can modify B(B → Kµ+µ−)[1,6] GeV2 at tree-level. The conservation
of baryon number (BNC), the interaction term and the corresponding Wilson coefficients are also listed
along with the prediction for RK . Couplings to electrons are set to zero.
From this Table we see that only the states (3, 2)1/6 and (3¯, 3)1/3 can consistently accommodate
RexpK < R
SM
K at tree-level. Notice, however, that the latter state violates baryon number via the
dangerous diquark couplings, which can induce the proton decay at tree-level.10 In the following
we discuss how the scenario (3, 2)1/6, originally proposed in Ref.
11, can be consistently extended
to accommodate RK and RD without contradictions with other flavor physics constraints.
3 A leptoquark model to explain RK and RD
In Ref. 7, it was pointed-out that the inclusion of light right-handed (RH) neutrinos to the
model (3, 2)1/6 induces new contributions to charged current processes. The Lagrangian of the
LQ model then becomes
L∆(1/6) = Y ijL dRi∆˜
†
Lj + Y
ij
R Qi∆νR,j + h.c., (3)
where i, j stand for flavor indices and yL,R are two generic Yukawa matrices. The LQ doublet
is denoted by ∆ and we define the left-handed doublets as Qi = [(V
†uL)i dLi]T and Lj =
[(UνL)i `Li]
T , where V and U are the Cabibbo-Kobayashi-Maskawa (CKM) and Pontecorvo-
Maki-Nakagawa-Sakata (PMNS) matrices, respectively. We reiterate that the novelty of this
model is the introduction of the second term in Eq. (3) which induces the LQ interaction with
up-type quarks.
In the following we assume that the two LQ are mass-degenerate, m∆ ≈ 1 TeV, and that
the RH neutrinos are massless in comparison with the hadronic scale. The transitions b → s``
and b→ c`ν can then be described by a low-energy effective theory with interaction terms
Ldk→di``eff = −
Y ijL Y
∗kl
L
2m2∆
diγµPRdk `lγ
µPL`j + h.c. , (4)
and
Ld→u`νeff =
(V · YR)ijY ∗klL
2m2∆
[
uiPRdk `lPRνj +
1
4
uiσµνPRdk `lσ
µνPRνj
]
+ h.c. , (5)
which will be used in the phenomenogical discussions below. Notice that the contributions to
the charged processes (and to b→ c`ν in particular) depend on the existence of RH neutrinos.
4 Constraints and predictions
For simplicity, the couplings to the first generation are set to zero to avoid the potential problems
with the atomic parity violation experiments, 10 as well as the experimental limits on B(K →
piνν) and B(Bs → µe). 7 The couplings are varied within the perturbativity limit, |(yL)ij | ≤
4pi, and are confronted with several constraints of which the most relevant ones are: (i) the
experimentally established B(Bs → µµ), and B(B → Kµµ) in the [15, 19] GeV2 bin, (ii) Bs−Bs
mixing, (iii) bounds on the lepton flavor violating τ decays, such as B(τ → µφ) and B(τ → µγ),
(iv) (semi–)leptonic meson decays, (v) the ratio R
µ/e
D = B(B → Dµν)/B(B → Deν), and (vi)
limits on B(B → Kνν), cf. Ref. 7 for details.
After applying the constraints described above, we find that this model can not only predict
RK = 0.88(8), compatible with the experimental finding, but also accommodate the excess in
RD at the 1σ level. In other terms, our model can satisfactorily explain the anomalies RK and
RD. Notice that we only focus on RD because all the needed form factors have been computed
on the lattice.7 We cannot provide the accurate statement concerning RD∗ because the full set of
B → D∗ form-factors is not available from LQCD simulations. We can only make a qualitative
observation that RD∗ > R
SM
D∗ in our model. Our main predictions are shown in Fig. 1 and
summarized below: 7
• We computed the LFV decay B(B → Kµτ), which is found to be
2.1× 10−10 ≤ B(B → Kµτ) ≤ 6.7× 10−6, (6)
also shown in Fig. 1. The predictions for the other LFV modes can be inferred bound
given above via the relations B(Bs → µτ) ≈ 0.9 × B(B → Kµτ) and B(B → K∗µτ) ≈
1.8× B(B → Kµτ) derived in Ref. 12.
• A distinctive prediction of the model is that the ratio Rηc = B(Bc → ηcτν)/B(Bc →
ηc`ν) and the leptonic decay mode B(Bc → τν) can be considerably larger than the SM
predictions. We found that
1.02 ≤ Rηc/RSMηc ≤ 1.21, and 5.5 ≤ B(Bc → τν) ≤ 16.1, (7)
as shown in Fig. 1, which offer an alternative experimental test of the validity of our model.
Can the RK∗ hints be explained by scalar leptoquarks?
A preliminary result for RK∗ has been presented by LHCb which indicates another deviation
from LFU. The ratio RK∗ = B(B → K∗µµ)/B(B → K∗ee) in two different q2 bins appears to be
2.2−2.4 σ below the SM prediction.13 If confirmed, this result would exclude the model discussed
above, since it predicts RK∗ to be slightly larger than R
SM
K∗ . The only LQ state that can explain
both RexpK < R
SM
K and R
exp
K∗ < R
SM
K∗ at tree-level is the SU(2)L triplet (3¯, 3)1/3.
14 Nonetheless, as
discussed above, an additional symmetry is needed to forbid dangerous diquark couplings from
destabilizing the proton. 10 Another possibility recently proposed is to consider the doublet LQ
(3, 2)7/6 amended with a symmetry to forbid the tree-level contribution to b→ s``.15 This latter
scenario generates the Wilson coefficients C9 = −C10 < 0 through loops and it has the great
advantage of not disturbing the proton stability.
5 Conclusions
In this proceeding we discussed a LQ model which can explain the LFU anomalies in both
charged and neutral B-meson decays, namely RexpK < R
SM
K and R
exp
D(∗) > R
SM
D(∗) . Our model offer
Figure 1 – The blue points are obtained by subjecting the Yukawa couplings of our model to the constraints
discussed in Sec. 4, and the red ones are selected from the blue ones after requiring the compatibility with RexpD
to 2σ. We plot our predictions for three selected quantities: B(B → Kµτ), the ratio between Rηc = B(Bc →
ηcτ ν¯)/B(Bc → ηclν¯) predicted by our model and its SM value, and a similar ratio of B(Bc → τ ν¯).
several predictions which can be tested in the near future: (i) branching ratios for the exclusive
b → sµτ modes can be as large as O(10−6), being also bounded from below; (ii) the LFUV
effects in Rηc = B(Bc → ηcτν)/B(Bc → ηc`ν) can be larger than predicted in the SM, and (iii)
B(Bc → τν) is predicted to be enhanced by a factor of 5 ÷ 16 with respect to the SM value.
Furthermore, we devise a scalar LQ model which can explain Rexp
K(∗) < R
SM
K(∗) through loop effects.
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